Objective: To assess the effects of multi-micronutrient supplementation and multi-helminth chemotherapy on serum retinol concentration, using schools as a health delivery system. Study area and population: From 19 primary schools in Bondo District, western Kenya, 977 children between 9 and 18 y were included in the trial. The 644 (65.9%) children on whom baseline serum retinol was available were included in this study. Design: A randomised, placebo-controlled, double-blind, two-by-two factorial trial on the effects of multi-micronutrient supplementation and multi-helminth chemotherapy on serum retinol after 8 months. Intervention: Single treatment with albendazole (600 mg) and praziquantel (40 mg=kg of body weight) and daily multimicronutrient supplementation with tablet containing 1000 mg vitamin A. Results: Micronutrient supplementation (0.08 mmol=l, 95% CI 0.01, 0.14; P ¼ 0.025), but not treatment (0.03 mmol=l, 95% CI 7 0.04, 0.10; P ¼ 0.38), increased serum retinol. However, treatment did increase serum retinol in S. mansoni-infected (0.09, 95% CI 0.02, 0.16; P ¼ 0.009), but not in uninfected children ( 7 0.07, 95% CI 7 0.18, 0.03; P ¼ 0.18; interaction, P ¼ 0.01). Similarly, reduction in egg output of S. mansoni, but none of the geohelminth, was a predictor, corresponding to a 0.008 mmol=l (95% CI 0.00002, 0.02; P ¼ 0.049) increase in serum retinol per 100 epg reduction. Interestingly, interactions were found between age and sex (P ¼ 0.046), and malaria parasitaemia and sickle cell phenotype (P ¼ 0.04). Conclusion: Multi-micronutrient supplementation and reduction in S. mansoni egg output increased serum retinol, irrespective of initial serum retinol.
Introduction
Vitamin A deficiency is widespread in developing countries, particularly in young children and women where it is an important cause of immune function impairment (Semba, 1994) and increased risk of morbidity and mortality from infectious and other diseases (Fawzi et al, 1993; Sommer et al, 1984; West et al, 1999) . The main causes of vitamin A deficiency are inadequate intake of vitamin A-rich foods such as liver, full milk, butter, eggs, whole fish, green leafy vegetables and yellow-orange fruits, as well as increased requirements due to a high burden of infectious diseases. Accordingly, rational long-term measures to increase vitamin A status of these populations should comprise promotion of food diversification and prevention of infectious diseases. Nevertheless, in the meantime, short-term measures such as vitamin A supplementation and treatment of prevalent chronic infections could target high-risk groups where feasible and cost-effective. For example, vitamin A deficiency is also frequent in school-age children (Friis et al, 1997) , and schools offer a useful entry point for programmes that could comprise micronutrient supplementation, treatment of parasitic infections, school gardens and health education.
In western Kenya, malaria is holoendemic, Schistosoma (S.) mansoni, hookworm (Necator americanus), Trichuris (T.) trichiura and Ascaris (A.) lumbricoides infections are prevalent, and vitamin A status generally poor. We conducted a study on the effects of multi-micronutrient supplementation and multi-helminth chemotherapy on serum retinol concentration (serum retinol) among 9 -18-y-old school children in 19 primary schools in western Kenya, with the aim to assess the role of these interventions in future school-based health programmes. An inverse association between S. mansoni egg output, but neither geohelminth egg output nor malaria parasitaemia, and low serum retinol, from baseline data has previously been reported (Friis et al, 1997) . In this paper we report the effect of the interventions on serum retinol.
Subjects and methods
The study was conducted on the shores of Lake Victoria in Bondo District, Nyanza Province in western Kenya. The residents of the study area were members of the Luo community and their principal occupations were subsistence crop farming, raising Zebu cattle, commercial fishing and petty trade. Malaria was known to be holoendemic in the study area, and intestinal helminths and S. mansoni were prevalent, whereas S. haematobium was not endemic.
The study was a randomised, placebo-controlled, doubleblind trial on the effects of daily multi-micronutrient supplementation and multi-helminth chemotherapy, using a two-by-two factorial design. From grades 5 and 6 in 19 primary schools in the study area, 1096 children were identified who had their parents consent to participate. Of these, 38 were ill and therefore received initial treatment and were referred for more definitive management and follow-up. These and 81 children that were unavailable for baseline examinations were excluded. The remaining 977 children were included in the study. Despite initial consent, some parents or children did not accept blood sampling. Baseline data on serum retinol was therefore only available on 644 (65.9%) of the 977 children, and the results of the 8 months follow-up of these children are reported here.
Study interventions
After completion of the baseline examinations described below, the children were randomised to micronutrient supplementation or identical-looking placebo and independently randomised to multi-helminth chemotherapy or identical-looking placebo. Micronutrient supplementation comprised a tablet with 13 vitamins and minerals (vitamin A 1000 mg, C 50 mg, B 1 1.4 mg, B 2 1.6 mg, B 6 1.7 mg, B 12 2 mg, folate 150 mg, niacin 16 mg, iron 18 mg, zinc 20 mg, copper 2.0 mg, iodine 150 mg, selenium 40 mg; Almega, Ringsted, Denmark) on all schooldays for a full school year. Multihelminth chemotherapy was given to children found infected with any of the geohelminths or S. mansoni with albendazole and praziquantel, respectively. Albendazole was given as a single dose of 600 mg, and praziquantel as a single dose of 40 mg=kg of body weight. The examinations described below were done at baseline and repeated after 8 months.
Serum retinol and haematology Blood samples were taken from the antecubital veins between 9 am and 1 pm. Serum was prepared and kept frozen at 7 20 C for less than 3 months, and serum retinol was measured by high performance liquid chromatography (Hitachi Ltd, Japan) as previously described (Friis et al, 1997) . To 100 ml serum were added 5 ml retinyl acetate (100 mg=ml) as internal standard. The proteins were precipitated using 100 ml of methanol, and retinol was extracted using 200 ml of diethyl ether : dichlormethane : isopropanol mixture (80 : 19 : 1). The extract was reconstituted with 100 ml mobile phase (methanol : water, 95 : 5, v=v) and 20 ml injected into a guard-fitted normal-phase stainless steel column (microbondapak C 18 , 3.9Â300 mm, particle size 10 mm, Waters Assoc, Milford, MA, USA). Inter-batch coefficient of variation was 6.2%. A serum retinol value of 0.70 mmol=l defined low and 1.05 mmol=l defined marginal levels. Hemoglobin concentration (Hb) and total white blood cell (WBC) counts were determined using an electronic counter (M530, Coulter Electronics Ltd, England), and differential WBC counts were determined using conventional manual methods.
Clinical examination and anthropometry
The children were examined clinically, blood samples were collected, and a thin and a thick blood slide were prepared. Additionally, questionnaire data and anthropometric measurements were obtained on the day of blood sampling. Finally, stool samples were collected on different days. Height and weight were measured with the children barefooted and wearing light standard clothing. Heights were measured to the nearest 0.5 cm and weights to the nearest 0.1 kg, using a scale-stadiometer (Seca, Germany). Height and weight were related to references as standard deviation scores (Z-scores). Height-for-age (HAZ) and weight-for-age (WAZ) Z-scores were computed based on the NCHS-WHO growth reference curves. HAZ and WAZ below 7 2 were considered to reflect stunting and underweight, respectively.
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Infections A single stool sample was collected on each of two or three consecutive days around the time of blood sampling, and examined quantitatively for intestinal helminths and schistosome eggs using the World Health Organization (WHO) modification of the Kato -Katz method (World Health Organization, 1991) . In short, a duplicate of 50 mg cellophane faecal thick smears was prepared from each of the stool samples. The smears were examined for hookworm eggs within 1 h, and after at least 24 h clearing for eggs of S. mansoni, T. trichiura and A. lumbricoides. The egg output was expressed as mean eggs per gram faeces (epg). From all children a thick blood slide was examined for malaria parasites. The number of parasites per 200 WBC was counted. If below 10 parasites, then 500 WBC were examined. The number of malaria parasites per ml of blood was computed based on the total WBC counts. Questionnaire morbidity data, elevated body temperature and neutrophilia were used as indicators of infection. Structured interview data on fever, malaria and diarrhoea within the preceding 2 weeks were used as clinical indicators of infection. Children rarely reported fever, as fever was apparently perceived as malaria or headache. Neutrophilia was arbitrarily defined as an absolute neutrophil count above the 87.5 percentile. Sublingual temperatures were taken using a digital thermometer (Becton Dickinson, NJ, USA), and > 37.0 C defined elevated body temperature.
Statistical analysis
The distribution of serum retinol was assessed using rankitplots. The two-sample t-test and the chi-square test were used to test for differences in means and proportions, respectively. If no interaction was found between the two interventions, then it was allowed to compare the active vs the placebo groups for each intervention without taking the other intervention into consideration. Multiple regression analyses was employed to identify and estimate effects of predictors of serum retinol. The variables assessed were the two interventions (both coded 0 for placebo and 1 for the active compounds), age, sex, HAZ, WAZ, hepato-and organomegaly, malaria parasitaemia and helminth egg output, sickle cell phenotype and, as indicators of infection, elevated temperature, neutrophilia and reported morbidity. If interactions were identified, then interaction terms were computed to allow estimation of the effect of one of the variables separately for each level of the effect modifying variable. Data on malaria parasitemia, S. mansoni and intestinal helminths egg output were transformed, using a log 10 (x þ 1) transformation. Residual analysis was performed by plotting standardized residuals against predicted values and continuous independent variables. The levels of significance used was 0.05.
Permissions
Permission to conduct the study was obtained from the Kenya Medical Research Institute and National Ethical Review Committee, and the Ministry of Health, Kenya. The children and their parents were given information about the study, and the parents gave their written consent. The Danish Central Medical Ethics Committee also approved the study. All children found to be infected were treated at the end of the study.
Results
The 644 children included in this study were similar to those of the 333 children on whom baseline serum retinol data was not available, with respect to all other baseline characteristics, such as age, sex, nutritional status and prevalence and intensity of infections (data not shown). The 644 children had a mean age of 13.0 (range 9 -18) y, and 339 (52.6%) were girls and 305 (47.4%) boys. The mean weight-and heightfor-age Z-scores were 7 1.11 (95% confidence interval (CI) 7 1.17, 7 1.05) and 7 0.96 (95% CI 7 1.04, 7 0.89), respectively. Nutritional status was lower in boys than in girls, as assessed by weight-for-age ( 7 1.24 vs 7 0.99, P ¼ 0.00002) and height-for-age ( 7 1.12 vs 7 0.81, P ¼ 0.00003) Z-scores. The mean serum retinol was 0.94 (95% CI 0.91, 0.97) mmol=l, and lower for boys than for girls (0.88 vs 0.99 mmol=l, P ¼ 0.00008), as previously reported (Friis et al, 1997) . The prevalence of malaria parasitaemia was 60%, whereas it was 14% for A. lumbricoides, 45% for T. trichiura, 54% for hookworm and 71% for S. mansoni. Boys had lower prevalence of Trichuris infection (41 vs 49%, P ¼ 0.032), and marginally significantly higher prevalence of hookworm (58 vs 51%, P ¼ 0.09), whereas there was no sex difference in ascaris, S. mansoni or malaria infection (data not shown). The geometric mean T. trichiura egg output was lower in boys than in girls (35 vs 56, P ¼ 0.01), but there were no sex differences in intensity of malaria, ascaris, S. mansoni and hookworm infections (data not shown).
Interventions and other predictors of change in serum retinol
The simple randomisation used resulted in baseline equivalence between the intervention groups, except with respect to organomegaly (Table 1) . After 8 months follow-up, 496 (77.0%) of the 644 children were followed-up and their serum retinol determined. These children were not different from the 148 (23.0%) children not followed-up, with respect to baseline characteristics, such as age, sex, nutritional status and prevalence and intensity of infections (data not shown). Because there was no interaction between micronutrient supplementation and anthelminthic treatment as assessed in multiple regression analyses (P ¼ 0.37), the effect of one intervention could be assessed without taking the other intervention into consideration. Serum retinol increased from baseline to 8 months in all groups (Table 2 ), but the mean increase was 0.08 mmol=l (95% CI 0.01, 0.14) larger in children assigned to multi-micronutrient supplementation compared with placebo (0.31 vs 0.23 mmol=l, P ¼ 0.025). In Micronutrients, anthelminthics and serum retinol D Mwaniki et al contrast, the mean increase in serum retinol was not significantly different (0.03 mmol=l, 95% CI 7 0.04, 0.10) in children treated with anthelminthics compared to placebo (0.29 vs 0.26 mmol=l, P ¼ 0.38). The mean increase in serum retinol in children assigned to placebo supplementation and placebo treatment was 0.20 mmol=l (95% CI 0.14, 0.27; P < 0.00001) from a mean of 0.92 mmol=l. These results were confirmed in multiple linear regression analyses, while controlling for baseline serum retinol. The final model is shown in Table 3 . Supplementation was a predictor of serum retinol at the 8 months follow-up examination (0.09, 95% CI 0.02; 0.14, P ¼ 0.008), whereas treatment was not (0.04, 95% CI 7 0.02, 0.10, P ¼ 0.18). There were no interactions between any of the interventions and baseline serum retinol or low serum retinol (P > 0.10). An interaction between age and sex was found (P ¼ 0.046). The effect of age was therefore estimated separately for boys and girls. The interaction was due to an increase in serum retinol with age Due to the interaction, the difference between boys and girls depends on age. In the model, the effect of sex was estimated at a mean age of 13 y. With sex coded as 0 for girls and 1 for boys, the regression coefficient of 7 0.11 corresponded to a 0.11 lower serum retinol in boys than in girls at the mean age of 13 y. Although there was no main effect of treatment, there was an interaction between treatment and S. mansoni (P ¼ 0.01), but not between treatment and any of the three geohelminth infections (P > 0.30). As seen, treatment was a significant predictor of serum retinol in S. mansoni-infected children (0.09, 95% CI 0.02, 0.16, P ¼ 0.009), but not in uninfected children (P ¼ 0.18). The regression coefficient of S. mansoni infection of 7 0.17 corresponds to a 0.17 mmol=l lower serum retinol in S. mansoni-infected compared to uninfected children at the intercept, ie among placebo treated children.
To further explore the effect of treatment of individual infections on serum retinol, and to express such effects in terms of reductions in intensity, reductions in egg output were computed for each helminth and entered into the model. Only S. mansoni egg output reduction was retained in the model (not shown). The regression coefficient of 8Â10 75 (95% CI 2Â10
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, 2Â10 74 ; P ¼ 0.049) means that for each 100 epg reduction in intensity serum retinol will increase with 0.008 mmol=l. Of the 315 children allocated to treatment only 225 (71.4%) had S. mansoni and were treated with praziquantel, whereas 235 (74.6%) had at least one of the three geohelminth infections and were treated with albendazole. Albendazole alone was given to 60 (19.0%) children, and 50 (15.9%) received only praziquentel, while 175 (55.6%) received both. The mean reductions in S. mansoni egg output in children allocated to active vs placebo treatment were 92 and 7 128 epg, respectively. Similarly, the mean reductions in children allocated to active vs placebo treatment were 258 vs 7 48 epg for A. lumbricoides, 93 vs 7 21 epg for hookworm and 22 vs 7 6 epg for T. trichiura.
Interestingly, an interaction between baseline malaria parasite intensity and sickle cell phenotype was found (P ¼ 0.04), although neither of these variables were independent predictors. Among children with sickle cell trait=anaemia, intensity of malaria parasitaemia (log 10 (x þ 1)) had a marginal significant negative effect on serum retinol ( 7 0.04, 95% CI 7 0.08, 7 0.0001; P ¼ 0.048), whereas there was no effect in children without sickle cell trait (0.01, 95% CI 7 0.015, 0.038, P ¼ 0.40). A marginally significant interaction was revealed between supplementation and malaria (P ¼ 0.06). When the analysis was repeated after stratification for treatment, the marginal significant interaction was found to be due to an interaction in children allocated to placebo treatment (P ¼ 0.01) where supplementation was a strong predictor in children with (0.19, 95% CI 0.10, 0.28, P ¼ 0.0001), but not without ( 7 0.02, 95% CI 7 0.15, 0.11, P ¼ 0.81) malaria parasitaemia. In contrast, there was no interaction between supplementation and malaria in children allocated to active treatment (P ¼ 0.87). Similarly, a marginal significant interaction between supplementation and hepatomegaly (P ¼ 0.09) was found, but this was similar in children allocated to placebo and active treatment. Through the use of interaction terms, the effect of supplementation was found to be 0.29 (95% CI 0.054, 0.53; P ¼ 0.02) in children with hepatomegaly, and 0.08 (95% CI 0.02, 0.14; P ¼ 0.02) in children without. There were no interactions between supplementation and any of the four helminth infections neither in children allocated to placebo not active treatment (P > 0.10). For example, in placebo-treated children, although the interaction term between supplementation and hookworm was not significant (P ¼ 0.12), the effect of supplementation was estimated separately for those with and without hookworm infection. The effect of supplementation was 0.15 (95% CI 0.06, 0.24; P ¼ 0.002) among those with and 0.10 (95% CI: 7 0.001, 0.19; P ¼ 0.052) among those without hookworm infection. Neither hepatomegaly, splenomegaly, baseline malaria parasitaemia, sickle cell phenotype nor elevated temperature were found to be significant predictors, or to confound the estimated relationship between any of the predictors in the final model and serum retinol at follow-up.
Discussion
Multi-micronutrient supplementation, but not multi-helminth chemotherapy, had a significant effect on serum retinol. Those allocated to multi-micronutrient supplementation had a mean increase in serum retinol of 0.08 mmol=l over and above the increase seen in children allocated to placebo supplementation. The effect of supplementation is probably underestimated, since spill-over of micronutrients to the children allocated to placebo occasionally took place. However, as discussed below, most of the increase unexplained by the interventions is thought to be due to seasonal changes in vitamin A intake. There was no interaction between the two interventions, ie the effect of micronutrient supplementation did not depend on whether children were allocated to active or placebo treatment.
The effect of micronutrient supplementation was confirmed in multivariable analysis, where serum retinol was also shown to increase with age in girls, but not in boys. A sex difference in vitamin A metabolism cannot be precluded, since serum retinol has been shown to be lower in cord blood of male compared to female neonates (Yassai & Malek, 1989) , and even in women carrying a male compared to female foetus (Friis et al, 2001) . Nevertheless, since the effect of supplementation was similar in boys and girls, this sex difference is likely to be due to differences in intake of vitamin A-rich foods. Girls often take part in cooking, and this may give them opportunities to get a major share of the vitamin A-rich foods available in the household. In contrast, the contribution of fishing and foraging in the bush, a Micronutrients, anthelminthics and serum retinol D Mwaniki et al common practice among boys, is apparently negligible. Although neither malaria parasitaemia nor sickle cell phenotype SA or SS were found to be predictors of serum retinol, serum retinol decreased with increase in malaria parasitaemia but only in those with sickle cell trait or anaemia. Apparently, this observation has not been described before, and its significance is not clear.
S. mansoni and geohelminth infections
The lack of effect of multi-helminth treatment on serum retinol was intriguing, especially in view of previous reports that S. mansoni (Friis et al, 1996 (Friis et al, ,1997 Mikhail & Mansour, 1982; Sturchler et al, 1983) and A. lumbricoides (Mahalanabis et al, 1976; Sivakumar & Reddy, 1975; Tripathy et al, 1972) infection impair serum retinol. However, through interaction analyses an effect of treatment was revealed in children found to be S. mansoni infected at baseline, but not in children found infected with any of the geohelminth infections. The effect of S. mansoni treatment corresponded to a 0.09 mmol=l increase in serum retinol, or almost 0.01 mmol=l for each 100 epg reduction in egg output. This is not likely to be merely the result of a confounding effect of improved socio-economic or health conditions, since the treatment with praziquantel was effective in reducing S. mansoni egg output whereas placebo treated children had an increase in egg output. Several cross-sectional studies have reported inverse associations between S. mansoni and serum retinol (Friis et al, 1996 (Friis et al, ,1997 Mikhail & Mansour, 1982; Sturchler et al, 1983) . Despite the the inability of drawing inferences on the presence and direction of a cause -effect relationship from cross-sectional studies, some studies have interpreted the association as being due to S. mansoni impairing vitamin A status (Friis et al, 1996; Mikhail & Mansour, 1982; Sturchler et al, 1983 ) without attempting to control for confounding factors, such as age, sex and the acute phase response (Mikhail & Mansour, 1982; Sturchler et al, 1983) . We have previously reported linear negative relationship between S. mansoni egg output and serum retinol from a cross-sectional study in Zimbabwe (0.03 mmol=l reduction per 100 epg; Friis et al, 1996) , and from the baseline data of the present study (0.07 mmol=l reduction per log epg; Friis et al, 1997) , while controlling for potential confounding factors using multivariate regression analysis.
In the present study, we have shown that an increase in serum retinol can be achieved through measures leading to a reduction in intensity of S. mansoni infection. However, the estimated effect is lower than what would be expected from the estimates based on the cross-sectional data from Zimbabwe (Friis et al, 1996) , and the present study (Friis et al, 1997) . Although the discrepancy between the estimates could be due to chance, increased susceptibility to S. mansoni infection in children with vitamin A deficiency could also contribute to the association found in the cross-sectional studies. Studies in the S. mansoni=rat model showing that vitamin A deficiency leads to reduced humoral immune response to schistosome antigens (Parent et al, 1984) , and increased worm burdens (Krakower et al, 1940) support this explanation. This discrepancy could also be due to S. mansoni infection giving rise to an acute phase response that was not adequately controlled for. During an acute phase response, there is a transient decline in serum retinol because the synthesis of retinol binding protein is reduced (Rosales et al, 1996) and retinol may flux to the extravascular space (Thurnham & Singkamani, 1991) . The decline is only partially transient, due to increased utilisation in the tissues (Thurnham & Singkamani, 1991) and renal loss of retinol (Mitra et al, 1998; Stephensen et al, 1994) . For example, we have recently found that S. japonicum infection reduced serum retinol but not liver retinol in the pig (Kaestel et al, 1999) , considered to be a good model of not only S. japonicum (Willingham & Hurst, 1996) , and maybe also of S. mansoni in man. Furthermore, the extent to which established infections, or trickle-and reinfections, can elicit an acute phase response is not known, and whether it can explain the discrepancy in estimates of relationship between S. mansoni and serum retinol will depend on the timing of transmission in relation to blood sampling.
In accordance with the results of our baseline data (Friis et al, 1997) , no effects of reduction in neither A. lumbricoides, T. trichiura nor hookworm egg output on serum retinol were seen. This is in contrast to the prevailing opinion that at least A. lumbricoides infection is an important cause of vitamin A deficiency, although this evidence seems vague: several studies have demonstrated impaired vitamin A absorption in children and adults (Mahalanabis et al, 1976; Sivakumar & Reddy, 1975; Tripathy et al, 1972) with A. lumbricoides infection. However, while some studies have shown that the vitamin A malabsorption is reversible upon treatment, they could not demonstrate a correlation between intensity of infection and degree of malabsorption (Mahalanabis et al, 1976; Sivakumar & Reddy, 1975) . Other studies have failed to detect any effects (Ahmed et al, 1993) . Associations between A. lumbricoides infection and low serum retinol have been found among preschool children in Panama (Taren et al, 1987) and Nepal (Curtale et al, 1994) , as well as among Indonesian preschool children where the low serum retinol was reversible after deworming (Jalal et al, 1998) . In contrast, another study among young children in Indonesia found neither effect of deworming on serum retinol nor modified relative dose response test (Tanumihardjo et al, 1996) . Nonetheless, although the evidence from previous studies is inconsistent, it should be noted that both prevalence and intensities of A. lumbricoides infection were low in our study.
Seasonality
A considerable increase in serum retinol between February and October was observed, as even children allocated to placebo supplementation and placebo treatment had a 0.20 mmol=l increase in serum retinol. As previously reported, Micronutrients, anthelminthics and serum retinol D Mwaniki et al baseline serum retinol increased 0.05 mmol=l for each 1 y increase in age (Friis et al, 1997) . Thus, the 8 months increase in age during the study could explain almost 0.04 of the increase. Additionally, occasional mixing of tablets between the groups may have contributed, so that the effect of supplementation is probably underestimated. However, seasonal differences in intake of vitamin A-rich foods probably accounts for most of the increase in the placebo group, and is in accordance with findings from other studies (Friis et al, 2001; McLaren, 1993) . Differences in handling, storage and analyses of samples between the two examinations could be ruled out. Besides, similar seasonality was observed for haemoglobin (unpublished data), and for haemoglobin and serum ferritin from a study conducted in a neighbouring district (A Olsen, personal communication).
School-based health programmes School-based interventions are among the most cost-effective public health interventions (World Bank, 1993) , since schools offer a pre-existing and comprehensive system for health delivery (Bundy & Guyatt, 1996) . Additionally, school children can be approached with health education and other health-promotive activities (gardening, sanitation).
Due to the continuous growth and pubertal growth spurt, school children have high nutritional requirements that are rarely met on a typical cereal-based diet with few animal products. Thus, school children often have deficiencies of several micronutrients. Although micronutrient deficiencies may be more prevalent in preschoolers and reproductive women, the potential effects on school attendance and performance and, hence, scholastic achievement make school children an important target group for nutritional interventions. Although long-term strategies should be pursued, micronutrient supplementation may be a cost-effective short-to-medium term intervention. Daily supplements given as a tablet, or as a powder to dissolve in water as recently suggested (Ash et al, 1997) , may replete the children, at an estimated cost of US$1 -2 per school year. However, given the modest effect of 1000 mg vitamin A, the dose should probably be increased above the recommended dietary allowance, as the children may have higher requirements due to higher infectious disease burden. This is particularly true for minerals like iron and zinc, as the bioavailability is low with a cereal-based diet.
School-based interventions to control helminth infections may be particularly cost-effective, because the prevalence and intensity often peak at school age, and because schools and surroundings are often important transmission sites of these excreta-related helminths. Again, long-term strategies such as health education on sanitation and personal hygiene should be central, but periodic multi-helminth chemotherapy with albendazole (effective against Ascaris, Trichuris and hookworm) and praziquantel (effective against S. haematobium and S. mansoni) may be cost-effective interventions that may even serve to reduce transmission and thus the worm burden of children and adults not attending school (Olsen, 1998) .
Conclusion
Using schools as a system for delivering broad nutritional and helminth control interventions was found to be feasible. Supplementation with multi-micronutrients was found to be effective in increasing serum retinol in school children. Although there was no over-all effect of multi-helminth treatment, there was evidence that reduction in S. mansoni intensity of infection was able to increase serum retinol. The effect and cost-effectiveness of the interventions can be further improved if higher doses of vitamin A are given. Similarly, the effect of multi-helminth chemotherapy is expected-to be larger in populations with higher intensities of S. mansoni infection. Although no effect of treating geohelminth infections was found, it is important to note that the interventions may have effects on other important outcomes, such as other micronutrient deficiencies, morbidity, school achievement and physical activity and fitness.
